~0 ~0
NAB NAIB NNN, NNK and NNA are formed in the nitrosation of nicotine. NAB and NAtB are derived from anabasine and anatabine. NNN, NNK and NAtB have been detected in tobacco and tobacco smoke {2).
The mass spectral data presented in this report will be useful in further studies on the occurrence and metabolism of the tobacco alkaloid-derived nitrosamines as well as in studies on related derivatives of the tobacco alkaloids.
MATERIALS AND METHODS

Apparatus
Mass spectrometry (MS) and gas-liquid chromatography in combination with mass spectrometry (GLC-MS) were run with a Hewlett-Packard Model 5982A dual source
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instrument with a membrane separator. For GLC-MS, a 6 ft. X 0.25 inch column filled with 10°/o UCW-98 on Gas-Chrom Q was used, with helium as carrier gas (flow rate: 50 ml!min). High resolution mass spectra were determined on an AEI MS-30 instrument (Asso-· ciated Electrical Industries) by Shrader Analytical and Consulting Laboratories, Inc., Detroit, Michigan.
Chemicals
Numbers in italics and square brackets refer to structures in Schemes 1 and 2. All compounds were synthesized: NNN {3a); NNK, NNA, 4-hydroxy 
Mass Spectrometry
Mass spectra were determined by direct introduction (ion source temperature, 180 °C; ionizing voltage, 70 eV) , norcotinine [6] , keto acid [13] , diol [14] , hydroxy acid [15] , and lactone [16] are urinary metabolites of NNN in the F-344 rat whereas myosmine. [7] , keto alcohol [10] , lactol [12] , 3'-hydroxy-NNN [3], 4'-hydroxy-NNN [ 4] , and NNN-1-N-oxide [1] were observed when NNN was incubated with rat liver microsomes; [10] and [12] were also produced by human liver microsomes (6, 7, 14) . The NNK metabolites NNK-1-Noxide [ 17] and 4-(methylnitrosamino )-1-(3-pyridyl)butane-1-ol [18] as well as keto acid [13] , diol [14] and hydroxy acid [15] were detected in the urine of NNKtreated F-344 rats, whereas [17] , [18] , myosmine [7] , keto alcohol [10] , and keto aldehyde [22] were formed when NNK was incubated with rat liver microsomes (8) . The mass spectra of myosmine [7] , norcotinine [6] , keto acid [13] , lactone [16] and hydroxy acid [15] were presented in a previous report on mammalian metabolites of nicotine (15) pyrldyi-N-oxlde)~ -butanone [NNK-1-N-oxlde] . (Figures 11 and 13 ), ions are observed at m/e 108, corresponding to (pyr-CHOH)+. The lactol [12] (Fig.  10 ) also gives an intense m/e 108 peak, whim may arise after ring opening to the corresponding tautomer, 4-{3-pyridyl)-4-hydroxybutyraldehyde [ 11] . The mass spectra of the cyclic nitrosamines ( Figures 1,  4 -8, 26, 28) are generally dlaracterized by loss of NO (M+ -30) followed by fragmentation of the pyrrolidine or piperidine ring. In NNN, major fragments are ob- Mass spectrum of 4-oxo-4-(3-pyrldyl)butanalbla-2,4-dlnRrophenylhydrazone. m/e ures 6, 26, 28). NAB (Fig. 4) gives major fragments at m/e 92 (C 8 H 8 N)+ and m/e 105, whereas NAtB (Fig. 5) has additional intense ions at m/e 117 (C 8 H 7 N)+ and m/e 130 (C 9 H 8 N)+, presumably due to the influence of the double bond on fragmentation of the piperidine ring. Fragmentation of the pyrrolidine ring is observed in the spectra of the cyclic amines (Figures 29-32) , as reported previously for nornicotine and myosmine (15, 16) . 4-hydroxy-1-(3-pyrldyl)butane-1-ol-blstrlmethylsllyl ether. Rei. Intensity The m/e 145 ion is not observed as a major fragment in the spectrum of 3' -hydroxy-NNN. Analogous fragmentations occur in the spectra of 3' -hydroxymyosmine and 4' -hydroxymyosmine. These differences may be a consequence of facile cleavage of the pyrrolidine ring of [ 3] or of 3' -hydroxymyosmine, at the 2'-3' positions, a process which is apparently favored by the neighboring 2'-(3-pyridyl) and 3' -hydroxy groups. A second important distinction between the spectra of 3' -hydroxy- NNN and 4'-hydroxy-NNN is the loss of NO, which is inhibited in the latter. In this respect, 4' -hydroxy-NNN resembles NNN-1-N-oxide; their intense molecular ions are unusual for nitrosamines. The mechanistic basis for these differences requires further investigation.
Mass spectrum of 4-{methylnHrosamlno)-1-(3-
SUMMARY
The mass spectra of the tobacco alkaloid-derived nitrosamines NNN, NNK, NNA, NAB and NAtB and of known mammalian metabolites of NNN and NNK are presented. Mass spectra of synthetic derivatives related to these nitrosamines and their metabolites are also included. These spectra will be useful in studies on the occurrence and metabolism of the tobacco alkaloidderived nitrosamines and in investigations of other compounds related to the tobacco alkaloids. 
